We investigated the role of the ATP-sensitive potassium channel opener pinacidil and blocker glibenclamide on guinea pig liver mitochondrial function, and a possible significance of pinacidil in the pharmacological treatment during myocardium dystrophy. First, a series of experiments was performed to determine the effect of pinacidil and glibenclamide on mitochondrial oxygen consumption. We found that pinacidil increased the rate of mitochondrial respiration for FAD-generated substrate (succinate oxidation), but was most effective for α-ketoglutarate oxidation with enhancement of respiratory control ratio. Oxidation of FAD-generated substrate inhibited efficiency of phosphorylation for α-ketoglutarate oxidation in pinacidil-treated animals. Glibenclamide decreased the rate of respiration with the lowest value of efficiency of phosphorylation, especially for α-ketoglutarate oxidation. A second series of experiments was performed to determine the effects of pinacidil and glibenclamide on oxidative phosphorylation during adrenaline-induced myocardium dystrophy. The increase in respiratory control ratio and efficiency of phosphorylation for α-ketoglutarate oxidation was greater than for succinate oxidation in mitochondria of pinacidil-pretreated animals during myocardium dystrophy. Inhibitory analysis with malonate suggested that endogenous succinate increased oxidation of NADH-generated substrates in mitochondria. Pinacidil is mainly involved in the adrenaline-induced alterations of mitochondrial function due to elevation of phosphorylation efficiency for α-ketoglutarate oxidation and a decreased level of lipid peroxidation.
Introduction
Catecholamine-induced toxicity is an important medical problem. Catecholamines are a crucial component of the general response of organisms to stress and have an important role in determining organ function in health and disease [1] . An important reason for cell dysfunction during catecholamines-induced conditions is the deranged metabolism, including low uptake of substrates and depletion of energy stores, reduced mitochondrial oxidative phosphorylation, intracellular Ca 2+ overload, intensification of lipid peroxidation processes, etc. [2] . Catecholamines have been shown to induce oxidative damage through reactive intermediates resulting from their auto-oxidation, irrespective of their interaction with adrenergic receptors, thus representing an important factor in the pathogenesis of catecholamine-induced toxicity [3, 4] . Catecholamines have been shown to trigger apoptotic death of cells [5] .
A large volume of experimental data supports the hypothesis that ATP-sensitive potassium (K AT P ) channels play a central role in protection of the heart in various models of ischemia-reperfusion injury [6] [7] [8] . The most prominent role of K AT P channels is that opening of these channels may be involved in the mechanism of protection against cell injury [9] . Szewczyk and Wojtczak (2002) described the molecular mechanisms of the interference of K AT P channel openers in the cells protection against ischemic injury [10] . It has been shown that K AT P channel openers such as pinacidil, cromakalim, and nicorandil modulate mitochondrial membrane potential, respiration, ATP generation, and mitochondrial Ca 2+ level [11, 12] . The protective effect of K AT P channel activation could be mediated by mitochondrial swelling and it may improve mitochondrial ATP production [13] , lowering Ca 2+ overloading of mitochondria [11, 14] , activation of protein kinase C by increased reactive oxygen species generation, which is known to be important during protection [15] . K AT P channels could act as sensors of cell energy metabolism [16] .
Our laboratory showed that pharmacological treatment with K AT P channel openers induced protection during stress conditions and myocardium dystrophy in rat and guinea pig liver and myocardium [17] [18] [19] [20] [21] . Our studies have shown that protection induced by K AT P channel openers was mediated by α-ketoglutarate oxidation and inhibition of lipid peroxidation during stress conditions [19] [20] [21] . We hypothesized the relation between protection induced by K AT P channel openers and oxidation of NAD-generating substrates (α-ketoglutarate) during experimental myocardium dystrophy. Accordingly, the goal of the present study was to show that the pharmacological treatment with pinacidil, an opener of the K AT P channel, induces protection during myocardium dystrophy in liver of guinea pigs.
Experimental Procedures

Animals
Guinea pigs weighing 400-450 g were used in these studies. Experimental procedures were conducted in accordance with bioethical requirements and were approved by the Institutional Ethics Committee. Animals were housed individually in cages with freely available food and water for at least 2 weeks prior to the start of experiments.
Experimental design
Experiments were carried out in two separate series. First, a series of experiments was performed to determine the effect of the K AT P channel opener pinacidil and blocker glibenclamide on the mitochondrial function in three groups of six guinea pigs each: (1) a control group that was injected i.p. with saline (0.9% NaCl); (2) a group that was injected i.p. with the K AT P channel opener pinacidil (0.06 mg/kg); (3) a group that was injected i.p. with 1 mg glibenclamide/kg body wt. Thirty minutes after the injection the guinea pigs were decapitated.
A second series of experiments was performed to determine the effects of pinacidil and glibenclamide on the mitochondrial oxidative phosphorylation in the liver of guinea pigs during experimental adrenaline-induced myocardium dystrophy. Myocardium dystrophy was triggered by injection of adrenaline hydrochloride solution at a dose of 1.5 mg adrenaline/kg body wt. The adrenaline dose was chosen from a wide range of doses due to results of preliminary experiments [22] . The most significant morphological and biochemical changes occur during the first twenty-four hours after treatment with high doses of adrenaline [23, 24] . Therefore, to reveal the maximal breach of energetic metabolism in mitochondria, we studied the processes of ADP-stimulated respiration and oxidative phosphorylation in guinea pigs liver during the 24 th hour from the beginning of the experiment. Before the experiment a group of control animals was injected 1 ml of saline. In this series of experiments guinea pigs were pretreated 30 min prior to adrenaline administration with the opener pinacidil (0.06 mg/kg i.p.) or with the blocker glibenclamide (1 mg/kg i.p.). Twenty four hours after injection of the adrenaline hydrochloride solution the guinea pigs were killed by decapitation.
Drugs and solutions
Chemicals used in this study were: K AT P channel opener pinacidil and blocker glibenclamide, KCl, K 2 CO 3 , KH 2 PO 4 , N- [2-hydroxyethyl] piperazine-N'-[2-ethanesulfonic acid] (HEPES), ethylene glycol-bis(β-aminoethyl ether)-2N,N,N',N'-tetraacetic acid) (EGTA), KOH, rotenone, malonic acid, succinic and α-ketoglutaric acid (used as oxidative substrates), and adenosine dyphosphate (ADP) as a phosphate acceptor. Pinacidil and glibenclamide, HEPES, EDTA, ADP, rotenone, malonic acid, succinic and α-ketoglutaric acid, and 2-tiobarbituric acid were purchased from Sigma. Pinacidil and glibenclamide were dissolved in saline buffered with NaOH. Pinacidil and glibenclamide were administered i.p. at a dose of 0.06 mg/kg and 1 mg/kg respectively 30 min before induction of myocardium dystrophy.
Isolation of liver mitochondria
Livers were removed from guinea pigs after decapitation. One guinea pig was used for each mitochondrial preparation. Mitochondria were isolated by differential centrifugation from liver according to Kondrashova and Doliba [25] . Briefly, livers were excised, weighted and washed in ice-cold buffer. The minced tissue was rinsed clear of blood with cold isolation buffer and homogenized in a glass Potter-Elvehjem homogenizing vessel with a motor-driven Teflon pestle on ice. The isolation buffer contained 120 mM KCl, 2 mM K 2 CO 3 , 10 mM HEPES, and 1 mM EGTA; a pH of 7.2 was adjusted with KOH. The suspension was then centrifuged for 3 min at 600 g at 0
• C. The mitochondrial fraction was obtained by centrifugation of supernatant for 12 min at 8,000 g. Finally, mitochondria were resuspended in the isolation buffer to a concentration of 4 to 6 mg of protein per ml, and were kept in the tube on ice until polarographic measurements were performed. Mitochondrial protein concentration was measured by the biuret method using serum albumin as standard [26] .
Measurement of oxygen consumption
Mitochondrial respiratory function was measured in the multichannel chamber using a Clark-type electrode by the polarographic method of Chance and Williams [27] . Mitochondria were added to the respiration chamber containing a total volume of 1.0 ml of respiration medium. The medium contained 120 mM KCl, 2 mM K 2 CO 3 , 2 mM KH 2 PO 4 , and 10 mM HEPES. Potassium hydroxide (1.0 N) was used to adjust the pH of the medium to 7.20 at 26
• C. Succinate (0.35 mM final concentration) and α-ketoglutarate (1 mM) were used as oxidative substrates. ADP (phosphate acceptor) was administered at a concentration of 0.2 mM. Inhibitory analysis with rotenone (10 μM), inhibitor of complex I activity in the electron transport chain, and malonic acid (2 mM), inhibitor of succinate dehydrogenase, was used for the estimation of the role of NADH-and FADHgenerated substrates in mitochondrial oxidation. Mitochondrial oxygen consumption parameters measured were the following: State 2 (oxygen consumption before the addition of ADP), State 3 (oxygen consumption stimulated by ADP), State 4 (oxygen consumption after cessation of ADP phosphorylation), respiratory control ratio (RCR) described by Chance (ratio of state 3 to state 4), and the ADP/O ratio (ratio between the nanomoles of ADP phosphorylated and the nanomoles of oxygen consumed during state 3). The respiratory control ratio and ADP/O ratio were calculated by the method of Chance and Williams (1956) . Oxygen consumption was determined with succinate or α-ketoglutarate as substrates or inhibitors of mitochondrial respiratory chain in the presence (state 3) or the absence (state 4) of phosphate acceptor and recorded as nanogram oxygen atoms per minute per milligram of mitochondrial protein. The respiratory control index by Chance was calculated as the ratio of state 3 to state 4 respiration rates. The ADP-to-oxygen-ratio (ADP/O) was calculated as the ratio of nmoles of added ADP per nanogram atoms of oxygen utilized during state 3.
Biochemical analysis
We measured malondialdehyde (MDA) concentration, an end product indicative of the extent of lipid peroxidation in the blood and liver following the method with 2-thiobarbituric acid [28] . Briefly, 0.1 ml of 10% liver homogenate or 0.1 ml of blood was added to 2 ml of distilled water, after which 1 ml of 1 M trichloracetic acid and 1 ml of 0.56 M 2-thiobarbituric acid reagent were added and the mixture was heated in boiling water bath for 10 min. After cooling, the mixture was centrifuged for 10 min. The μmol of MDA per g of tissue or μmol of MDA per l of blood was calculated by using 1.56 × 10
as the extinction coefficient and the lipid peroxide level in liver was expressed in μmol of MDA per g of tissue or μmol of MDA per l of blood.
Statistical analysis
The effects of the K AT P channel opener pinacidil and blocker glibenclamide on the mitochondrial oxygen consumption data in the first series of experiments were compared with the respective effects in control animals. In the second series of experiments data were compared with the effects in control animals and animals with experimental adrenaline myocardium dystrophy. Mitochondrial respiration after myocardium dystrophy model was taken as a control for determining the effects of pinacidil and glibenclamide during myocardium dystrophy. The results were calculated as group means ± standard error of the mean. Significant differences between the means were measured using a multiple range test at min. p < 0.05. Data not having a normal distribution were log transformed. Student t-tests with 95% confidence intervals (α = 0.05) were applied to determine the significance of differences between animals. The individual treatment difference between two groups was assessed by computation of the least significant difference by taking at value for error at the level of 5% significance. The intergroup comparisons were done by computing the least significant differences. Table 1 The effects of K AT P channel opener pinacidil and blocker glibenclamide on mitochondrial respiration data of liver mitochondria.
Results
Effect of pinacidil and glibenclamide on the mitochondrial oxygen consumption data
The inhibitory analysis with rotenone, a mitochondrial complex I inhibitor, was used for estimate the role of NADH-generated substrates. Rotenone inhibited complex I in mitochondrial respiratory chain and eliminated the effect of NADH-generated substrates in succinate oxidation. The role of succinate oxidation was estimated in this way. Guinea pigs treated with pinacidil retained full responsiveness to rotenone, which increased the succinate-induced response of mitochondrial respiration in state 3 from 66.2 to 90.76 ng O/min· mg of protein (by 37.1%, p < 0.05) in comparison with a respective increase by 53.5% in succinate oxidation. Respiration in mitochondria of pinacidil-treated group for succinate oxidation was taken as a control. The role of FAD-generated substrates in α-ketoglutarate oxidation has been investigation with malonic acid, an inhibitor of succinate dehydrogenase. Malonic acid inhibited succinate dehydrogenase and elimi-nated the succinate way of substrate oxidation in mitochondria. Malonic acid increased the α-ketoglutarate-induced efficiency of phosphorylation from 2.27 to 2.92 μM ADP/ng O (by 28.6%, p < 0.05) without lowering the rate of mitochondrial respiration in state 3 and the respiratory control ratio compared to α-ketoglutarate oxidation.
3.2 Effects of pinacidil and glibenclamide on the mitochondrial function during experimental myocardium dystrophy
In order to determine the effects of K AT P channels on mitochondrial oxygen consumption data, an opener and a blocker of these channels were administered i.p. 30 min prior to adrenaline hydrochloride solution given by the same route. Adrenaline-induced myocardium dystrophy considerably increased the rate of ADP-induced mitochondrial respiration in state 3 by 60.7% (p < 0.001) for succinate oxidation compared to the control group of animals ( Table 2) . Table 2 The effects of K AT P channel opener pinacidil and blocker glibenclamide during adrenaline-induced myocardium dystrophy on mitochondrial respiration data of liver mitochondria. Substrate of oxidation -0.35 mM succinate and 1 mM α-ketoglutarate.
More significant changes in the mitochondrial oxygen consumption data have been detected for α-ketoglutarate oxidation. Adrenaline-induced myocardium dystrophy decreased the respiratory control ratio by 26.8% (p < 0.05) and the efficiency of phosphorylation by 56.3% (p < 0.01), respectively. Rotenone-sensitive way of succinate oxidation suffers no changes in the rate of respiration in state 3 and the respiratory control ratio, except for significantly diminished ADP/O ratio by 40.9% compared to data for succinate oxidation (Figure 1) . These results suggest a significant effect of succinate oxidation, the quick way for supplying the reduced equivalents in the mitochondrial respiratory chain, during experimental myocardium dystrophy. Fig. 1 Rotenone-sensitive steps in succinate oxidation (I) and malonate-sensitive steps in α-ketoglutarate oxidation (II) change the rate of mitochondrial respiration in state 3 (A), the respiratory control ratio, V 3 /V 4 (B) and the efficiency of phosphorylation, ADP/O ratio (C) during influence of pinacidil or glibenclamide and myocardium dystrophy. 1. Control group. 2. Myocardium dystrophy group. 3. Pinacidil and myocardium dystrophy. 4. Glibenclamide and myocardium dystrophy. * Significant difference between control group and group with myocardium dystrophy, p < 0.05. **Statistical significance between experimental groups (Pinacidil and myocardium dystrophy or Glibenclamide and myocardium dystrophy) and group of myocardium dystrophy, p < 0.05. Pinacidil given i.p. 30 min before induction of myocardium dystrophy markedly augmented the respiratory control ratio by 18.4% (p < 0.05) for succinate oxidation. The effect of pinacidil was more significant for oxidation of NAD-generated substrate, α-ketoglutarate. The respiratory control ratio and the efficiency of phosphorylation increased by 48.1% (P < 0.01) and 132.4% (P < 0.001) respectively. Glibenclamide significantly diminished all mitochondrial oxygen consumption data in this condition in comparison with the response in animals with myocardium dystrophy.
Additional analysis with rotenone suggested that pinacidil caused nonsignificant changes for succinate oxidation during myocardium dystrophy (Figure 1) . The malonatesensitive component of α-ketoglutarate oxidation contributed to endogenous succinate oxidation, modified the mitochondrial oxygen consumption data due to reduction of the efficiency of phosphorylation by 35.3% (P < 0.01) compared to α-ketoglutarate oxidation.
Effect of K AT P channel modulators on lipid peroxidation processes during adrenaline-induced myocardium dystrophy in guinea pigs
The level of lipid peroxidation processes in blood and liver were also determined (Figure 2) . The myocardium dystrophy model markedly enhanced TBA-active products level in blood and liver of guinea pigs (by 183.8 and 74.5%, respectively) in comparison with the levels of control group. Pinacidil considerably diminished the intensification of lipid peroxidation processes during myocardium dystrophy. Pinacidil was more potent in decreasing the TBA-active products level in liver than in blood (29.4 and 25.1%, respectively).
Discussion
In the present study we investigated the influence of pinacidil and glibenclamide, a wellknown K AT P channel opener and blocker, on the mitochondrial oxidative phosphorylation in liver from guinea pigs. Results from the first series of experiments indicated that pinacidil considerably increased the rate of respiration with no change in the efficiency of oxidative phosphorylation for succinate oxidation. The complex I inhibitor rotenone increased the succinate-induced response of mitochondrial respiration. Rotenone inhibits complex I of the mitochondrial respiratory chain, eliminates the effect of NADH oxidation, and stimulates succinate-induced ATP production in mitochondria due to relief of the metabolic inhibition of succinate dehydrogenase by oxaloacetate [29] . Analysis with rotenone for an estimation of the role of NAD-generated substrate in oxidation confirmed these results. The rotenone-sensitive pathway in succinate oxidation plays an important role in incrementing the rate of mitochondrial respiration in state 3 with a simultaneous decrease in the efficiency of oxidative phosphorylation in mitochondria of pinacidil-treated guinea pigs. α-ketoglutarate-supported oxidative phosphorylation increased only the respiratory control ratio with no significant changes of other mitochondrial respiration data. A malonate-sensitive component in α-ketoglutarate oxidation increased the efficiency of phosphorylation compared to α-ketoglutarate oxidation alone. Glibenclamide decreased the rate of mitochondrial respiration, with the lowest value of phosphorylation efficiency in liver mitochondria, especially for α-ketoglutarate oxidation.
Two K AT P channel subtypes coexist in the cell, with one subtype located in the sarcolemma (sarcK AT P ) membrane and the other in the inner membrane of the mitochondria (mitoK AT P ). There is sufficient evidence to support the role of both the sarcK AT P and the mitoK AT P channels in protection [6] [7] [8] [9] . However, evidence also indicates that the mitoK AT P channels play the predominant role in this mechanism and that specific modulation of this channel subtype is required to allow enhanced cell protection [13, 15, 30, 31] . Pinacidil is a nonselective K AT P channel agonist that opens both sarcK AT P and mitoK AT P channels [11, 32] . Support for this protective mechanism comes from previous investigations in blood-perfused animal models and in vitro studies [6-9, 30, 31] .
Recent literature suggests that K AT P channels play an important role in the regulation of the mitochondrial function [30] . They are involved in the regulation of mitochondria inner membrane potentials [11] and may contribute to the maintenance of mitochondrial Ca 2+ homeostasis [33] , osmotic pressure and volume in matrix [34] , and mitochondrial transport of potassium across the inner membrane [35] . Opening of mitoK AT P channels dissipates the inner mitochondrial membrane potential established by the proton pump. This dissipation accelerates electron transfer by the respiratory chain and, if uncompensated by increased production of electron donors (such as NADH), leads to net oxidation of the mitochondria [32] . Halestrap has established that increasing matrix volume greatly activates electron transport at the point where electrons feed into ubiquinone, and he has suggested that this sequence may be triggered by the opening of K AT P channels [36, 37] .
Matrix swelling can improve the rate of oxidative metabolism, activate fatty acid oxidation, respiration and ATP production [35] .
There are conflicting reports on the role of K AT P channel openers on mitochondrial functions, especially respiration using different substrates for oxidation. Holmuhamedov et al. demonstrated that pinacidil induced mitochondrial swelling, a decrease of the mitochondrial membrane potential, and increased respiration in isolated cardiomyocyte mitochondria. These effects can be reversed by glibenclamide, a potassium channel blocker [11] . Kowaltowski et al. have examined the effects of pinacidil on the bioenergetic properties of rat heart mitochondria [34] . They established that pinacidil inhibited respiration, increased membrane proton permeability as a function of concentration, decreased mitochondrial membrane potential, and increased potassium influx and matrix volume. Thus, matrix swelling, a decrease of the mitochondrial membrane potential and an increase of mitochondrial respiration can be observed even when extramitochondrial potassium is replaced by lithium, although this ion is not transported through K AT P channels [34] .
Hanley et al. also found that pinacidil inhibited the electron transport chain [38] . However, it selectively inhibited NADH oxidation, and not succinate oxidation. They have shown that diazoxide and pinacidil have K AT P channel-independent targets. Diazoxide, an opener of mitoK AT P channels, inhibits succinate oxidation (and succinate dehydrogenase activity) whereas pinacidil inhibits NADH oxidation [38] . Lembert et al. defined the effect of pinacidil on ATP production by oxidative phosphorylation in isolated cardiomyocyte and pancreatic β-cell mitochondria [39] . They established that pinacidil may act as a complex I inhibitor, thus stimulating ATP production in tissues whose mitochondria have a metabolically inhibited succinate dehydrogenase. This indicates that the metabolic specialization of mitochondria is decisive for the successful pretreatment of tissues with pinacidil to promote survival after ischemia. They confirmed that pinacidil may inhibit mitochondrial ATP production either by uncoupling or by direct inhibition of the respiratory chain. Pinacidil may interact with an intramitochondrial site involved in substrate metabolism, which may be the respiratory chain. Pinacidil had no effect on succinate oxidation, but partially inhibited NADH oxidation, probably as a result of inhibition of complex I [39] . O'Rourke reported that pinacidil and levcromakalim had no effect on succinate-supported oxidative phosphorylation but partially inhibited NADH oxidation [31] .
Thus, our studies established that pharmacological treatment with the K AT P channel opener pinacidil induced effects on the elevation of the mitochondrial respiration rate with a decrease in the efficiency of phosphorylation for FAD-generating substrates (succinate oxidation), but was more effective in increasing α-ketoglutarate oxidation with increments of the respiratory control ratio. Oxidation of the FAD-generated substrate inhibited the efficiency of phosphorylation for α-ketoglutarate oxidation in mitochondria of pinacidiltreated guinea pigs. The resultant of oxidative phosphorylation is manifested by an increased rate of respiration in state 3 and a decrement in the efficiency of phosphorylation for succinate oxidation.
A second series of experiments was performed to determine the effects of pinacidil and glibenclamide on the mitochondrial oxidative phosphorylation in liver of guinea pigs during experimental adrenaline-induced myocardium dystrophy. In our model, adrenaline considerably increased the rate of mitochondrial respiration for succinate oxidation and inhibited the efficiency of oxidative phosphorylation for α-ketoglutarate oxidation. Our results confirm earlier findings about specific stimulating effects of adrenaline on succinate oxidation [25] and intensification of energy metabolism with enhancing succinate exchange in liver mitochondria [40] . The two substrates of oxidation, α-ketoglutarate and succinate, are involved in two reciprocal hormone-substrate-nucleotide systems: acetylcholine -α-ketoglutarate -GTP -cGMP and adrenaline -succinate -ATP -cAMP [25] . The reciprocal pathway of these systems is necessary for regulation of cell oxygen consumption and effective oxygen utilization for ATP synthesis and synthesis of other macroergic compounds, depending on the functional state of cells [41] . In a study investigating the effects of ischemic preconditioning on mitochondrial parameters, Lim et al. found increases in succinate oxidation in mitochondria isolated from hearts subjected to ischemia and reperfusion [42] .
Modulation of oxygen consumption data in mitochondria of guinea pigs treated with pinacidil during myocardium dystrophy might improve energy metabolism. Increased respiratory control ratios and efficiency of phosphorylation for α-ketoglutarate oxidation was more than for succinate oxidation in mitochondria of pinacidil-pretreated guinea pigs during myocardium dystrophy. Inhibitory analysis with malonate suggested that endogenous succinate increased oxidation of NADH-generating substrates during myocardium dystrophy in mitochondria of this group of animals. Increasing oxidation of NADH-generating substrates may preserve the mitochondrial oxygen consumption capacity during myocardium dystrophy due to predominance of the cholinergic regulatory influence.
Several other studies of our laboratory have reported that α-ketoglutarate, an intermediate of the Krebs cycle, is a synergist to acetylcholine [43] . The effect of this intermediate is almost the same as in the case of acetylcholine injection. It is supposed that the influence of α-ketoglutarate on energy metabolism is realized by cholinesterase inhibition and increase of acetylcholine content [43] . These data are consistent with other reports indicating that α-ketoglutarate prevents ischemic injury [44, 45] . Kjellman et al. have argued that improved myocardial protection is the result of provision of α-ketoglutarate, which may preserve cell metabolic state [45] . A low myocardial content of α-ketoglutarate during heart surgery might aggravate ischemic injury [44] . Taken together, these results suggest that the increased efficiency of oxidative phosphorylation for NAD oxidation with inhibition of lipid peroxidation represent important mechanisms in pharmacological preconditioning by pinacidil during myocardium dystrophy.
In conclusion, the present results indicate that pinacidil and glibenclamide play important roles in the mitochondrial function in liver during myocardium dystrophy. Pinacidil is mainly involved in the adrenaline-induced alterations of mitochondrial function due to enhancing the efficiency of oxidative phosphorylation for α-ketoglutarate oxidation and a decrease in the level of lipid peroxidation processes. These changes reduce the negative effect of mitochondrial dysfunction induced by catecholamines and protect cells against injury.
